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CONTROL OF A POWER AMPLIFIER FOR REDUCING POWER CONSUMPTION IN A TRANSCEIVER 

The present invention generally relates to transceiver apparatuses, 
and more particularly, to a technique for controlling the power consumption of 

5 a transceiver apparatus. The present invention may be particularly 
applicable to mobile transceivers which utilize a battery power supply. 

Certain communication standards may support use of a Time Division 
Duplex (TDD) function which specifies that a signal transmitting mode and a 
signal receiving mode of a transceiver be performed during separate time 

10 intervals. For example, communication standards such as Time Division 
Code Division Multiple Access (TDCDMA), Time Division and Synchronous 
Code Division Multiple Access (TDSCDMA), Hiperlan2, IEEE 802.11a, and/or 
other standards may use the TDD function. Such communication standards 
may also use different frequency ranges, as indicated for example in Table 1 

is below. 



Communication Standards 


Frequency Ranges 


TDCDMA 


1900-1920 MHz or 2010-2025 MHz 


TDSCDMA 


2010-2025 MHz 


Hiperlan2 


5.15-5.35 GHz and 5.47-5.725 GHz 


IEEE 802.11a 


5.15-5.35 GHz and 5.725-5.825 GHz 



Table 1 



20 Communication standards such as those shown in Table 1 may also 

require the use of a power amplifier for signal transmission having a linear 
relationship between input power and output power. To satisfy this linearity 
requirement, such amplifiers typically require a high bias current during the 
transmitting mode, and may therefore consume a relatively large amount of 

25 power. For example, a typical power amplifier which delivers a peak output 
power level of 30 dB with a gain of 20 dB may require a DC bias current of 
450 mA during the transmitting mode. This requirement of a high bias 
current for the power amplifier may significantly increase the overall power 
consumption of an apparatus during the transmitting mode. For example, 

30 with an apparatus such as a mobile transceiver, the peak power consumed 
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by the power amplifier may constitute 70% or more of the total power 
consumption of the apparatus during the transmitting mode. Accordingly, the 
power amplifier used for signal transmission may consume a large of amount 
of power, which may be particularly problematic for portable apparatuses 
5 such as mobile transceivers that utilize a battery power supply. Moreover, 
the power consumption of the power amplifier may also cause the apparatus 
to generate heat in an undesirable manner. 

Accordingly, there is a need for a technique for controlling transceiver 
apparatuses which avoids the foregoing problems, and thereby reduces 
10 power consumption while still satisfying the linearity requirements of the 
power amplifier. The present invention may address these and/or other 
issues. 

In accordance with an aspect of the present invention, a transceiver 
apparatus is disclosed. According to an exemplary embodiment, the 

15 transceiver apparatus comprises power amplifying means for amplifying a 
transmission signal. Control means are provided for controlling the power 
amplifying means based on a power level of third order intermodulation 
products associated with the power amplifying means. 

In accordance with another aspect of the present invention, a method 

20 for controlling a transceiver apparatus is disclosed. According to an 
exemplary embodiment, the method comprises steps of detecting a power 
level of third order intermodulation products associated with a power amplifier 
of the transceiver apparatus, and controlling the power amplifier responsive 
to the detection. 

25 The above-mentioned and other features and advantages of this 

invention, and the manner of attaining them, will become more apparent and 
the invention will be better understood by reference to the following 
description of embodiments of the invention taken in conjunction with the 
accompanying drawings, wherein: 

30 FIG. 1 is a block diagram of a transceiver apparatus according to an 

exemplary embodiment of the present invention; 
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FIG. 2 is a diagram illustrating further exemplary details of the digital 
filter and power level estimator of FIG. 1 ; 

FIGS. 3 to 6 are graphs illustrating exemplary frequency responses 
associated with the digital filter and power level estimator of FIGS. 1 and 2; 
5 FIG. 7 is a diagram illustrating further exemplary details of the power 

amplifier of FIG. 1; 

FIG. 8 is a graph illustrating an exemplary output power spectrum 
mask; and 

FIG. 9 is a flowchart illustrating steps according to an exemplary 

io embodiment of the present invention. 

The exemplifications set out herein illustrate preferred embodiments of 
the invention, and such exemplifications are not to be construed as limiting 
the scope of the invention in any manner. 

Referring now to the drawings, and more particularly to FIG. 1, a 

is transceiver apparatus 100 according to an exemplary embodiment of the 
present invention is shown. In FIG. 1, transceiver apparatus 100 comprises 
signal transmitting and receiving means such as signal transmitting and 
receiving 10, switching means such as switch 12, attenuating means such as 
attenuator 14, low, noise amplifying means such as low noise amplifier (LNA) 

20 16, first variable amplifying means such as variable gain amplifier (VGA) 18, 
demodulating means such as demodulator 20, first low pass filtering means 
such as low pass filters (LPFs) 22 and 24, analog-to-digital converting means 
such as analog-to-digital converters (ADCs) 26 and 28, control means such 
as controller 30, digital-to-analog converting means such as digital-to-analog 

25 converters (DACs) 38, 40 and 42, second low pass filtering means such as 
LPFs 44 and 46, modulating means such as modulator 48, synchronizing 
means such as phase locked loop (PLL) 50, third low pass filtering means 
such as LPF 52, second variable amplifying means such as VGA 54, and 
power amplifying means such as power amplifier 56. Controller 30 

so comprises digital filtering means such as digital filter 32, power level 
estimating means such as power level estimator 34, and comparing means 
such as comparator 36. Some of the foregoing elements of FIG. 1 may for 
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example be embodied using one or more integrated circuits (ICs). For clarity 
of description, certain conventional elements associated with transceiver 
apparatus 100 such as certain control signals, power signals, and/or other 
conventional elements may not be shown in FIG. 1. Transceiver apparatus 

5 1 00 may be embodied as a mobile wireless transceiver such as a telephone, 
pager, personal digital assistant (PDA) and/or other device. 

Signal transmitting and receiving 10 is operative to transmit and 
receive signals, and may be embodied as any type of signal transmitting and 
receiving element such as an antenna, input/output terminal and/or other 

10 element(s). According to an exemplary embodiment, signal transmitting and 
receiving 10 is operative to transmit and receive signals in a wireless 
manner. 

Switch 12 is operative to switch signals based on a transmitting mode 

15 and a receiving mode of transceiver apparatus 100. According to an 
exemplary embodiment, switch 12 enables the TDD function of transceiver 
apparatus 100 by providing passage of transmission signals from power 
amplifier 56 to signal transmitting and receiving 10 during the transmitting 
mode, and providing passage of received signals from signaLtransmitting and 

20 receiving 10 to attenuator 14 during the receiving mode responsive to a 
control signal (TX/RX) provided from a processor (not shown). As will be 
discussed later herein, leakage signals may pass through switch 12 to signal 
receiving elements of transceiver apparatus 100 during the transmitting 
mode. These leakage signals include third order intermodulation products 

25 .attributable to the non-linear effects of power amplifier 56. These leakage 
signals are a parasitic effect mainly associated with the parasitic capacitance 
found between the transmitting and receiving accesses of switch 12, and 
may be unavoidable in certain frequency ranges. According to an exemplary 
embodiment, switch 12 applies approximately 30 dB of attenuation to such 

30 leakage signals. 

Attenuator 14 is operative to attenuate the signals provided from 
switch 12, and thereby generate attenuated signals. According to an 
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exemplary embodiment, attenuator 14 is operative to provide an additional 30 
dB of attenuation during the transmitting mode, and is bypassed during the 
receiving mode responsive to the TX/RX control signal. The attenuation 
provided by attenuator 14 during the transmitting mode decreases the level 

5 of the leakage signal at the input of LNA 16, and thereby helps avoid any 
saturation effects thereof. 

LNA 16 is operative to amplify the attenuated signals provided from 
attenuator 14 during the transmitting mode, and to amplify the received 
signals provided from switch 12 during the receiving mode. VGA 18 is 

io operative to variably amplify the signals provided from LNA 16, and thereby 
generate amplified signals. 

Demodulator 20 is operative to demodulate the amplified signals 
provided from VGA 18, and thereby generate demodulated signals- 
According to an exemplary embodiment, demodulator 20 generates 

15 demodulated I and Q signals, and may be operative to demodulate signals 
having a plurality of different types of modulation such as any bi-phase shift 
keyed (BPSK) modulation, quadrature phase shift keyed (QPSK) modulation, 
quadrature amplitude modulation (QAM) and/or other types of modulation. 

20 LPFs 22 and 24 are operative to filter the demodulated signals 

provided from demodulator 20, and thereby generate filtered signals. 
According to an exemplary embodiment, LPFs 22 and 24 operate as anti- 
aliasing filters, and filter demodulated I and Q signals, respectively. Also 
according to an exemplary embodiment, the bandwidth of LPFs 22 and 24 is 

25 sufficient to pass the leakage signals .going through switch 12 which 
represents third order intermodulation products attributable to the non-linear 
effects of power amplifier 56. 

ADCs 26 and 28 are respectively operative to convert the filtered 
signals provided from LPFs 22 and 24 from an analog format to a digital 

30 format. According to an exemplary embodiment, the signals provided to 
ADCs 26 and 28 are scaled by VGA 18 to span the operative ranges of 
ADCs 26 and 28. 
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Controller 30 is operative to control power amplifier 56 based on a 
power level estimation of the third order intermodulation products associated 
with power amplifier 56. As previously Indicated herein, such third order 
intermodulation products are represented by the leakage signals going 
5 through switch 12 during the transmitting mode, and are attributable to the 
non-linear effects of power amplifier 56. According to an exemplary 
embodiment, controller 30 processes the leakage signals during the 
transmitting mode to thereby detect the power level of the third order 
intermodulation products. Controller 30 compares the detected power level 

10 to a power level represented by a predetermined reference power signal, and 
controls a bias current associated with power amplifier 56 during the 
transmitting mode based on this comparison. Further details of controller 30 
will be provided later herein. 

DACs 38, 40 and 42 are operative to convert signals from a digital 

15 format to an analog format. According to an exemplary embodiment, DAC 38 
is operative to convert digital signals provided from comparator 36 to analog 
signals which are used to control a bias current associated with power 
amplifier 56. Also according to an exemplary embodiment, DACs 40 and 42 
are respectively operative to convert digitally processed I and Q signals to 

20 analog signals. LPFs 44 and 46 are operative to filter the analog signals 
provided from DACs 40 and 42, respectively, to thereby generate filtered 
signals. 

Modulator 48 is operative to modulate the filtered signals provided 
25 from LPFs 44 and 46, and thereby generate modulated signals. According to 
an exemplary embodiment, modulator 20 is operative to modulate I and Q 
signals, and may be operative to perform a plurality of different types of 
modulation such as BPSK modulation, QPSK modulation, QAM and/or other 
types of modulation. PLL 50 is operative to generate synchronization signals 
30 which control demodulator 20 and modulator 48. 

LPF 52 is operative to filter the modulated signals provided from 
modulator 48, and thereby generate filtered signals. VGA 54 is operative to 
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variably amplify the filtered signals provided from LPF 52, and thereby 
generate amplified signals. 

Power amplifier 56 is operative to amplify the power of the signals 
provided from VGA 54, and thereby generate amplified transmission signals. 
5 According to an exemplary embodiment, power amplifier 56 comprises a 
plurality of cascaded stages, and generally requires linearity between its 
input power and output power. According to principles of the present 
invention, a bias current of the final stage of power amplifier 56 may be 
adaptively controlled during the transmitting mode based on a detected 

10 power level of the third order intermodulation products attributable to the non- 
linear effects of power amplifier 56. By controlling this bias current of power 
amplifier 56, the present invention may advantageously reduce its power 
consumption, while also satisfying its linearity requirements in accordance 
with the applicable output power spectrum mask. Further details of power 

is amplifier 56 will be provided later herein. 

Referring to FIG. 2, further exemplary details of digital filter 32 and 
power level estimator 34 of FIG. 1 are provided. In FIG. 2, digital filter 32 
comprises interpolating means such as interpolator 60, pulse shaping means 
such as pulse shaping filter (PSF) 62, delaying means such as delay 64, 

20 adding means such as adder 66, and notch filtering means such as notch 
filter 68. Also in FIG. 2, power level estimator 34 comprises absolute value 
generating means such as absolute value generator 70, adding means such 
as adder 72, and accumulating means such as accumulator 74. Some of the 
foregoing elements of FIG. 2 may for example be embodied using one or 

25 more ICs. For clarify of description, certain conventional elements 
associated with the elements of FIG. 2 such as control signals, power 
signals, and/or other conventional elements may not be shown in FIG. 2. 

Interpolator 60 is operative to perform a symbol time recovery 
30 operation using the digital signals provided from ADCs 26 and 28, and 
thereby generate synchronization information. According to an exemplary 
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embodiment, interpolator 60 outputs such synchronization information along 
with other digital signals provided from ADCs 26 and 28. 

PSF 62 is operative to filter the digital signals provided from 
interpolator 60, and thereby generate filtered signals. According to an 
5 exemplary embodiment, PSF 62 is operative to perform a high pass filtering 
operation during the transmitting mode, and a low pass filtering operation 
during the receiving mode responsive to the TX/RX control signal. According 
to this exemplary embodiment, the high pass filtering operation of PSF 62 
has 50 dB of rejection in the frequency band from 0 to 2.5 MHz in order to 

io isolate the leakage signals which represent third order intermodulation 
products attributable to the non-linear effects of power amplifier 56. In 
particular, these leakage signals may have significant energy in the 
frequency band from 2.5 to 5 MHz. During the receiving mode, filtered 
signals from PSF 62 are provided for additional digital processing as 

15 indicated in FIG. 2. PSF 62 may for example be constructed using a raised 
root cosine filter having a frequency response as represented in graph 300 of 
FIG. 3. According to an exemplary embodiment, the high pass filtering 
operation of PSF 62 may be enabled by inverting the raised root cosine filter 
to thereby produce a frequency response as represented for example in 

20 graph 400 of FIG. 4. 

Delay 64 is operative to apply a delay to the digital signals provided 
from interpolator 60, and thereby generate delayed signals. According to an 
exemplary embodiment, the delay applied by delay 64 is equal to the 
processing delay created by PSF 62. 

25 Adder 66 is operative to subtract the filtered signals provided from 

PSF 62 from the delayed signals provided from delay 64, and thereby 
generate resultant output signals. 

Notch filter 68 is operative to filter the output signals provided from 
adder 66, and thereby generate filtered signals. According to an exemplary 

so embodiment, notch filter 68 may be constructed using a simple notch filter 
having coefficients [0.5, 0, 0.5] and a normal frequency response as 
represented in graph 500 of FIG. 5. According to an exemplary embodiment, 
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the filtered signals generated from the high pass filtering operation of PSF 62 
may cause notch filter 68 to produce a cumulative frequency response as 
represented in graph 600 of FIG. 6. 

Absolute value generator 70 is operative to generate absolute value 
5 signals from the filtered signals provided from notch filter 68. Adder 72 is 
operative to add the absolute value signals provided form absolute value 
generator 70 to output signals from accumulator 74 and thereby generate 
resultant output signals. 

Accumulator 74 is operative to accumulate magnitudes of the output 

10 signals provided from adder 72 for predetermined time periods in accordance 
with a reset signal, and thereby generate resultant output signals. According 
to an exemplary embodiment, accumulator 74 provides an output signal at 
the end of each reset period which is an estimate of the power level of the 
third order intermodulation products attributable to the non-linear effects of 

15 power amplifier 56. As indicated in FIG. 2, the output signals from 
accumulator 74 are provided to comparator 36 (see FIG. 1) which compares 
the output signals to a predetermined reference power signal. In this 
manner, a bias current associated with power amplifier 56 may be controlled 
based on this comparison. 

20 Referring now to FIG. 7, further exemplary details of power amplifier 

56 of FIG. 1 are provided. In particular, FIG. 7 shows the final stage of a 
plurality of cascaded stages (e.g., 3 stages) of power amplifier 56 according 
to an exemplary embodiment of the present invention. In FIG. 7, power 
amplifier 56 comprises capacitors C1 to C4, transistors Q1 and Q2, radial 

25 stubs RS1 and RS2, resistors R1 to R5, quarter wavelength stubs S1 to S6, 
and voltage inputs V1 and V2. As indicated in FIG. 7, power amplifier 56 
also includes input terminals for receiving inputs from DAC 38 and VGA 54, 
and an output terminal for providing an output to switch 12. According to an 
exemplary embodiment, transistor Q2 is a field effect transistor (FET) 

30 constructed using GaAs. The specific values selected for the elements of 
power amplifier 56 may be a matter of design choice. 
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According to principles of the present invention, a bias current of the 
final stage of power amplifier 56 may be adaptively controlled based on the 
power level of the third order intermodulation products associated with power 
amplifier 56. In particular, the analog signal provided from DAC 38 controls 

5 the bias current of the final stage of power amplifier 56 based on the 
comparison made by comparator 36, and thereby defines the operating point 
of power amplifier 56. In this manner, the operating point of power amplifier 
56 may be adjusted so that power consumption is reduced and linearity 
requirements are satisfied in accordance with the applicable output power 

10 spectrum mask. As an example, FIG. 8 is a graph 800 illustrating the output 
power spectrum mask of the TDCDMA standard. 

To facilitate a better understanding of the inventive concepts of the 
present invention, another example will now be provided. Referring now to 
FIG. 9, a flowchart 900 illustrating steps according to an exemplary 

15 embodiment of the present invention is shown. For purposes of example and 
explanation, the steps of FIG. 9 will be described with reference to controller 
30 of FIGS. 1 and 2 and power amplifier 56 of FIGS. 1 and 7. The steps of 
FIG. 9 are merely exemplary, and are not intended to limit the present 
invention in any manner. According to an exemplary embodiment, the steps 

20 of FIG. 9 are performed during the transmitting mode of transceiver 
apparatus 100. . When practicing the steps of FIG. 9, it will be intuitive to 
those skilled in the art that elements of FIGS. 1 and 2 such as attenuator 14 
and PSF 62 may be controlled via control signals other than and/or in 
addition to the TX/RX control signal. 

25 In FIG. 9, process flow starts and advances to step 910 where a 

determination is made as to whether the transmitting power level of 
transceiver apparatus 100 is greater than or equal to a predetermined 
threshold level. According to an exemplary embodiment, the determination 
at step 910 may be made by a processor (not shown in FIG. 1) which detects 

30 and processes data included within one or more data frames provided during 
the receiving mode of transceiver apparatus 100. Also according to an 
exemplary embodiment, the predetermined threshold level used at step 910 
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is 27 dBm, although other levels may also be used according to the present 
invention. 

if the determination at step 910 is negative, process flow advances to 
step 920 where the bias current associated with power amplifier 56 is 

5 maintained at its current level. Alternatively, if the determination at step 910 
is positive, process flow advances to step 930 where accumulator 74 of 
power level estimator 34 is reset (see FIG- 2). At step 940, accumulator 74 
accumulates magnitude samples for a predetermined time period, and 
thereafter provides an output signal which is an estimate of the power level of 

10 third order intermodulation products attributable to the non-linear effects of 
power amplifier 56. 

At step 950, a determination is made as to whether the estimated 
power level from accumulator 74 is greater than or equal to a predetermined 

15 reference power level. According to an exemplary embodiment, comparator 
36 makes the determination at step 950 by comparing the output signal of 
accumulator 74 to a predetermined reference power signal. If the 
determination at step 950 is negative, process flow advances to step 960 
where the bias current associated with power amplifier 56 is reduced. 

20 Alternatively, if the determination at step 950 is positive, process flow 
advances to step 970 where the bias current associated with power amplifier 
56 is increased to thereby increase its linearity. 

After steps 960 and 970, process flow loops back to step 930 where 
the aforementioned steps may be repeated as indicated in FIG. 9. The steps 

25 of FIG. 9 may also be performed in an iterative manner such that step 910 is 
repeated every predetermined time period. Other variations of the steps of 
FIG. 9 may also be performed according to the present invention. For 
example, steps 930 to 950 and step 960 or 970 may be performed during 
every transmitting mode. This variation would enable the bias current of 

30 power amplifier 56 to be adjusted regardless of the transmitting power level 
of transceiver apparatus 100, and would therefore omit decision step 910. 
The inclusion of decision step 910, however, may be desirable since the 
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power reduction advantages of the present invention tend to be greater when 
the transmitting power level of transceiver apparatus 100 is greater than a 
given level (e.g., 27 dBm). For example, the steps of FIG- 9 may be capable 
of reducing the current draw of the final stage of power amplifier 56 by a 
5 factor of two (e.g., from 450 mA to 225 mA). In all cases, however, the 
benefits of power reduction should be weighted by the transmitting 
mode/receiving mode time ratio. 

As described herein, the present invention provides a technique for 
controlling transceiver apparatuses which advantageously reduces power 
10 consumption. Accordingly, the principles of the present invention may be 
particularly applicable to apparatuses such as mobile transceivers which 
employ a battery power supply. The reduction of power consumption may 
also help reduce the generation of undesirable heat by such apparatuses. 

15 While this invention has been described as having a preferred design, 

the present invention can be further modified within the spirit and scope of 
this disclosure. This application is therefore intended to cover any variations, 
uses, or adaptations of the invention using its general principles. For 
example, the principles of the present invention may be applied to 

20 apparatuses or devices which support communication standards other the 
exemplary standards specifically mentioned herein. Further, this application 
is intended to cover such departures from the present disclosure as come 
within known or customary practice in the art to which this invention pertains 
and which fall within the limits of the appended claims. As such, it is 

25 intended that the present invention only be limited by the terms of the 
appended claims. 



